Gymnophalloides seoi (Digenea: Gymnophallidae) is a human intestinal trematode contracted by eating raw oysters (Crassostrea gigas) in the Republic of Korea (= Korea). It has been known to be highly endemic in Aphae Island, Shinan-gun, Jeollanam-do (Province). However, recent epidemiological status of G. seoi has not been reported since the 1990s. In this study, we investigated the prevalence of G. seoi metacercariae in natural and cultured oysters collected from 3 islands and 2 coastal areas in western parts of Korea. The oysters were examined using the artificial digestion method followed by stereomicroscopy. The overall positive rate of G. seoi metacercariae in natural oysters was 66.0% (99/150), and the oysters collected from Yubu Island showed the highest infection rate (74.0%). However, the metacercarial density per oyster was relatively low (1.5-2.4 per oyster). By contrast, no metacercaria was found in cultured oysters purchased from 2 coastal areas in Chungcheongnam-do. Thus, we could confirm that natural oysters produced from 3 western coastal islands are infected with G. seoi metacercariae, whereas cultured oysters purchased from 2 coastal areas were free from infection.
Gymnophalloides seoi
(Digenea: Gymnophallidae) was discovered as a new human intestinal trematode in a female patient suffering from acute pancreatitis and gastrointestinal troubles in the Republic of Korea ( = Korea) [1] . The patient resided in a coastal village of Aphae Island, Shinan-gun, where 49.0% of the villagers were positive for G. seoi eggs [2] . Natural oysters, Crassostrea gigas, were found to carry the metacercariae of G. seoi and play the role of a source of human infection [3] . A species of migrating birds, in particular, the Palearctic oystercatcher (Haematopus ostralegus), caught nearby the endemic area was confirmed to be a natural definitive host [4, 5] .
Epidemiological investigations have reported that human G. seoi infection is widespread along the western and southern coastal areas of Korea, including islands [2, [6] [7] [8] [9] . It is also known that natural oysters produced from various localities of western and southern coastal areas are infected with the metacercariae [10] [11] [12] [13] . However, the status of G. seoi metacercarial infection in cultured oysters has seldom been the subject of study. Only 1 recent paper [13] reported absence of G. seoi metacercariae in cultured oysters (n= 1,101) purchased from a local market in Daejeon City. However, monitoring of G. seoi metacercarial infection in oysters is strongly needed to determine the risk of human infections with this fluke. Thus, in the present study, a small survey was undertaken to know the status of G. seoi metacercarial infection among natural as well as cultured oysters collected from several western coastal areas, including islands, of Korea.
From September 2017 to March 2018, a total of 306 oysters, which included 150 natural and 156 cultured oysters, were collected from 3 western coastal islands and 2 western coastal areas, respectively, by 3 branch offices (Daejeon Chungnam, Jeonju Jeonbuk, and Gwangju Jeonnam) of Korea Association of Health Promotion ( Fig. 1 ; Table 1 ). Fifty natural oysters each were collected from Yubu Island (35.993347, 126.613431, Janghang-eup, Seocheon-gun, Chungcheongnam-do), Munyo Island (35.831031, 126.4383134, Okdo-myeon, Gunsan-si, Jeollabuk-do), and Aphae Island (34.844636, 126.266239, Aphae-eup, Shinan-gun, Jeollanam-do). Cultured oysters were purchased from local markets in Seobu-myeon, Hongseong-gun (n = 136) and Iwon-myeon, Taean-gun (n= 20) in Chungcheongnam-do.
The collected oysters were transported to the Institute of Parasitic Diseases, Korea Association of Health Promotion, Seoul, Korea. After measurements of the size and weight, the animal part of the oyster was isolated from the shell with a knife, and was digested with artificial gastric juice (pepsin-HCl solution) for 1 hr in a 37˚C incubator. The digested material was filtered through gauze, and 0.85% saline was added to the filtered solution. Washing with saline was continued until the supernatant became clear. The metacercariae were examined using a stereomicroscope (Leica KL 300 LED, Leica microsystems, Wetzlar, Germany).
The surveyed data could be summarized as shown in Table  1 . Out of a total of 150 natural oysters from 3 coastal islands, 99 (66.0%) were infected with a total of 309 metacercariae (av. 2.1 per oyster examined) ( Table 1 ). The oysters collected from Yubu Island showed the highest prevalence (74.0%) with the average metacercarial density of 2.4 per oyster. The oysters collected from Aphae Island revealed a similar infection rate and density in comparison with those collected from Yubu Island ( Table 1 ). The oysters collected from Munyo Island revealed the lowest prevalence among the 3 locality groups. In contrast, all of the cultured oysters (n= 156) collected from 2 localities of Chungcheongnam-do revealed no metacercariae of G. seoi (Table 1) .
In previous studies, it was suggested that the geographical distribution of G. seoi metacercariae might be wider than expected, and the metacercarial prevalence might be high in some localities [7, [10] [11] [12] . However, based on the present results, the prevalence and intensity of G. seoi metacercariae seem to be decreasing in oysters from western coastal areas, including Aphae Island. In 1995, on Aphae Island, the prevalence of G. seoi metacercariae was 100%, and the average metacercarial density per oyster was 610 (2-4,792 in range) [3] or Oysters were collected from an area different from the known highly endemic area (Shinjang-3-ri).
even higher, 786 [10] . In the present study, the prevalence and intensity of G. seoi metacercariae in oysters from Aphae Island appeared to be decreasing. In a previous study in Aphae Island, the prevalence was 12.5% and the average intensity was 2.2 metacercariae per infected oyster [13] .
It is worthwhile to mention that the prevalence and intensity of G. seoi metacercariae in oysters are highly variable even within Aphae Island [7, 9] . Among the endemic areas of G. seoi so far reported, the most highly endemic focus with the highest metacercarial prevalence and burden in oysters and the highest infection rate of the villagers has been Shinjang-3-ri on Aphae Island [14] . However, our recent observation showed that even in the known endemic area (Shinjang-3-ri), the prevalence and intensity of G. seoi metacercariae in oysters are not as high as those observed before (unpublished observations). The present study, therefore, investigated the oysters collected from the western part of Aphae Island, at least 5 km apart from Shinjang-3-ri.
There seem to be several speculations regarding the reason for the decrease of metacercarial infection in oysters. One of the possibilities is that changes in the geographical distribution of migratory birds which act as a natural definitive host influenced the distribution of this fluke species through a change of environment on the western coast of Korea [15] . Studies have shown that up to 65% of tidal flats have been reduced during 5 decades on the western coast of Korea, and these losses could have affected the fauna of migratory birds, including the Palearctic oystercatcher, Haematopus ostralegus [15] [16] [17] .
According to recent paleoparasitological reports on mummies of the Joseon Dynasty [18, 19] , G. seoi infection may have been prevalent more widely before; the endemic locality may have been extended to Sapgyo (northern coast) and Hadong areas (eastern coast). Thus, it is suggested that the decrease in G. seoi infection in Korea have started much earlier (several hundred years ago) than we can imagine [18, 19] .
It is also possible to speculate that the contraction of the endemic area of G. seoi infection in Korea has been accelerated by recent environmental changes. However, more data and further studies are needed to support this suggestion.
The present study showed that all cultured oysters collected from 2 western coastal areas revealed no G. seoi metacercarial infection. A previous study also reported that all cultured oysters collected from a fish market in Daejeon City revealed no G. seoi infection [13] . It can be predicted that cultured oysters would be free from G. seoi infection, since oyster farms in Korea mainly use the hanging culture method to raise oysters [20] . Using this method, contact of oysters with eggs, miracidia, or cercariae of G. seoi might be more difficult compared with natural oysters which live under shallow sea water or attached on the rock.
Conclusively, in this study, we could confirm that a fairly high prevalence of G. seoi metacercariae is maintained among natural oysters from 3 western coastal islands of Korea, although the intensity of infection is relatively low. Meanwhile, cultured oysters collected from 2 western coastal areas were found to be free from G. seoi metacercarial infection.
